Pesq. Vet. Bras. 31(8):707-710, agosto 2011 RESUMO.-[Infecção por Salmonella Yoruba em sagui-detufo-branco (Callithrix jacchus).] O objetivo deste trabalho foi descrever um caso fatal de salmonelose em uma fêmea primata não humana (Callithrix jacchus), originária de tráfico ilegal no Brasil. O sagui foi enviado para seção de quarentena do Zoológico Municipal de Guarulhos e morreu após um episó-dio de diarréia profusa. Achados de necropsia incluíram enterite mucosa, hepatomegalia e necrose do fígado. Fezes e fragmentos do fígado foram coletados para testes bacteriológicos e indicaram a presença de Salmonella sp.; subsequentemente caracterizada como sorotipo Yoruba. O perfil de suscetibilidade mostrou resistência somente à tetraciclina. A cepa foi positiva para os genes que codificam os fatores de virulência investigados (invA, sefC, pefA and spvC). Os resultados indicaram o risco de introdução de sorotipos patogênicos de Salmonella por primatas em cativeiro.
INTRODUCTION
White-tufted-ear marmosets (Callithrix jacchus), also know as common marmosets, belong to the Callithichidae family and are characterized by their small size (350-400g). They live in extended family groups and eat fruit, insects, nectar and tree exudates (gum, sap, latex) (Verona & Pissinatti 2006) .
The Callithrix jacchus species is relatively widely distributed and is listed by the World Conservation Union as least concern (IUCN 2008 ). The common marmoset naturally occurs in the Brazilian Atlantic forest, the scrub forest of north-eastern Brazil (caatinga), and the bush savanna of central Brazil (Cerrado). White-tufted-ear marmosets are very adaptable primates and have been introduced into many areas, such as Tijuca Forest (Rio de Janeiro), Bahia, São Paulo and Argentina. They compete for food with other native marmosets (C. penicillata and C. aurita) and produce hybrid animals (Brasil 2011) .
The maintenance of neotropical primates as pets in the household is also very common pratices in Brazil, and captured animals are sold along the highways. Members of this species are commonly captured in urban parks. The proximity of these marmosets to urban settlements, added to the common practice of capturing and keeping them as pets represent a considerable risk of zoonosis transmission (Chomel et al. 2007 ). White-tufted-ear marmosets were determined to be the The aim of this study was to describe a fatal salmonellosis case in a non-human female primate (Callithrix jacchus), found in the illegal pet trade in Brazil. The marmoset was sent to the quarantine section of the Guarulhos City Zoo and died in the sequence of an episode of profuse diarrhea. Necropsy findings included mucous enteritis, and liver enlargement and necrosis. Feces and liver fragments were collected for bacteriological tests, which indicated the presence of Salmonella sp.; it was subsequently characterized as pertaining to the Yoruba serotype. The susceptibility profile demonstrated resistance to tetracycline only. The strain was positive for genes that encoded the virulence factors investigated (invA, sefC, pefA and spvC). The results indicated the risk of introduction of Salmonella pathogenic serotypes in primates in captivity.
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source of infection for eight cases of rabies caused by a new rabies virus variant in the state of Ceará, Brazil, from 1991 through 1998 (Favoretto et al. 2001) .
According Verona & Pissinatti (2006) marmosets are associated with the spread of several viral zoonosis, including rabies, herpesvirosis, hepatitis and flavivirus infection. Among bacterial diseases with zoonotic potential, infections caused by Mycobacterium sp., Salmonella sp., Shigella sp., Campylobacter sp., Yersinia sp. and enteropathogenic Escherichia coli stand out (Joslin 2003) .
Salmonelloses are the most common infectious diseases, and affect about 10 to 15% of non-human primates kept in captivity, representing about one third of spontaneous deaths in young monkeys (Paul-Murphy 1993) . Several outbreaks caused by Salmonella spp. infection in captive non-human primates have been reported in zoo collections, favored by food contamination with feces of rodents and birds, with free access to the animal facilities. S. Typhimurium, S. Stanley and S. Enteritidis are the most common pathogenic serotypes isolated from non-human primates (Paul-Murphy 1993) .
Typical salmonellosis symptoms in marmosets include enteritis, dehydration and electrolytic imbalances. In severe cases, hepatitis, septicemia and death may intervene (Verona & Pissinatti 2006) . A high percentage of survivors become long-time carriers, with fecal excretion of the infectious agent. Apparently healthy monkeys may function as an infection source for others animals (Joslin 2003) .
Identified carriers in zoos should be treated, in view of public health hazards. In general, salmonella strains are sensitive to commonly available antibiotics. The drugs considered effective against these microorganisms included chloramphenicol, florfenicole, ampicillin, cephalotin, cephazolin, fluoroquinolones and sulfamethoxazoleDthrimethoprim (Cook et al. 2004) .
The objective of this report is to describe a fatal case of Salmonella Yoruba infection in a marmoset living in the Guarulhos Zoo (Brazil), and to characterize the isolate by antibiotic profile and PCR for the virulence factors.
MATERIALS AND METHODS
In September 2007, an about one-year-old female marmoset (Callithrix jacchus was confiscated from the illegal pet trade and sent to the quarantine section of the Guarulhos City Zoo (SP, Brazil). The animal suffered an episode of profuse diarrhea and died four days after arrival. Necropsy findings included hyperemia and the presence of mucus in intestinal mucosal surfaces, enlargement and disseminated liver necrosis.
Feces and liver fragments were collected for bacteriological examination. The samples were separately placed in tubes containing 0.1% buffered peptone water, and incubated at 37 o C for 24 h. for pre-enrichment. Subsequently, the samples were transferred to sodium tetrathionate broth (selective enrichment) and incubated for 24 h. at 42 o C, followed by subculture onto selective XLD agar media (Difco TM , Becton Dick-Enson and Company, Sparks, Maryland, USA). Agar plates were incubated at 37 o C for 24-48 h. (Michael et al. 2003) . Suspect colonies were then selected for biochemistry identification. Species identification was carried out by using conventional biochemical tests (Newprov, PR, Brazil), TSI, EPM, MiLi and Simmons citrate. Isolates were submitted to slide agglutination tests using commercial polyvalent antiserum "O" and "H" (Probac, Brazil) and were sent to the Adolfo Lutz Institute (São Paulo, SP) for serotyping. The antibacterial activities of chloramphenicol, gentamycin, sulfamethoxazole" thrimethoprim, enrofloxacin and tetracycline were determined by the Kirby-Bauer diffusion test (Bauer et al. 1966) .
Polymerase chain reaction (PCR) procedure was developed after DNA extraction in compliance with the protocol described by Boom et al. (1990) . Reaction mixtures (50μL) contained PCR buffer (1X), MgCl 2 (1.5 mM), 200 mM of each deoxyribonucleotide (dATP, dCTP, dGTP, dTTP), 50 pmol of each oligonucleotide, 1.0 U of Taq DNA polymerase (Invitrogen, NY), autoclaved ultra pure water and 10uL of DNA template. Primers for specific amplification, annealing temperatures, fragment size and references are described in Table 1 .
The Salmonellla Typhimurium ATCC 14028 was taken as positive control, while a K12 strain of Escherichia coli K12 was taken as negative control.
The amplified products were separated by electrophoresis in 1.5% agarose gel and stained with ethidium bromide. The 100 bp DNA ladder (Life Technologies, NY) was used as a molecular size marker.
RESULTS
Black colonies (with a red background) grew on XLD agar. The biochemical findings were compatible with the Salmonella genus. Serological tests with polyvalent serum anti "O" and "H" confirmed the identification of the Salmonella genus. This isolate was classified as Salmonella Yoruba serotype.
Antimicrobial sensitivity patterns revealed a susceptible profile for enrofloxacin, sulfamethoxazole + thrimethoprim, chloramphenicol and gentamycin. The strain was resistant to tetracycline only.
The polymerase chain reaction showed virulence genes inv, sefC, pefA e spvC amplification.
DISCUSSION
Salmonella Yoruba had never been isolated from primates. The serotypes isolated from non-human primates at the moment were S. Enteritidis, S. Typhimurim, S. Choleraesuis, S. Anatum, Montali & Bush 1999 , Joslin 2003 , Speck et al. 2007 .
S. Yoruba has been associated with contamination of the raw material used in animal ration manufacturing, involving particularly soybean-derived feed (Häggblom et al. 2002) . S. Yoruba was detected for the first time in 1999, in the Swedish salmonella control program in imported soybean meal. In 2000, two poultry flocks were found positive for S. Yoruba and the bacterial spread among commercial farms. In some European countries, S. Yoruba is considered "an emergent pathogen" by the poultry industry, thus becoming a hard management issue, since this serotype can resist to the heat treatment employed in pelleting process (Osterberg et al. 2001 , Häggblom et al. 2002 .
S. Yoruba is an "exotic" serotype in Brazil and this report alerts for the need of epidemiological monitoring, in order to prevent this serotype to bring forth economic losses in the poultry and pork industry, as it has happened after the introduction of Salmonella Enteritidis in 1997. It is important to observe that, nowadays, notification of serotypes S. Pullorum, S. Gallinarum, S. Typhimurium and S. Enteritidis in poultry farms is compulsory, in compliance with the National Avian Health (Brasil 2011).
Besides the economic impact that the introduction of this serotype in Brazil may represent, the public health risk related to the contact and exposure of infected primates in the zoological garden must be highlighted. In this case, once the primate had been retrieved from the illegal pet trade, its previous disease history was unknown. Wildlife trade is associated to disease transmission at levels that not only cause human disease outbreaks but also threaten livestock, international trade, rural livelihoods, native wildlife populations, and ecosystem health. Worldwide, an estimated 40,000 primates are traded alive each year. The international wildlife trade is estimated to amount to a US$6-billion industry. Although considered a criminal activity, wildilife illegal trade is the third largest illicit activity in the world, and it more often than not results in the death of most of the animals captured (Chomel et al. 2007) .
It is impossible to determine the source of infection, because the monkey could have been infected by contact with other animals or by contaminated feed ingestion. However, one can assume that the transportation stress and poor hygiene conditions in captivity favored the development of infection and clinical signs (Clarke & Gyles 1986) .
The introduction of animals in captivity always represents a sanitary risk. However, this risk can be minimized with the implementation of the quarantine, through the condition of the animal can be investigated with laboratorial support. The existence of quarantine is ensured by normative ruling IN04/ 2002 and is a requirement for all Brazilian zoos (Brasil 2011). However, a specific protocol for quarantine of primates has not been established, and the investigation of some diseases often becomes economically unviable. Vilani (2006) suggests that quarantine of primates should vary between 60-90 days and that the animals should be tested for the detection of herpesvirose B, parainfluenza, reovirus, cytomegalovirus and yellow fever. The Paulista Zoological Society (SPZOO) recommends quarantine of at least 30 days and testing of primates for hemoparasites, endo and ectoparasites, tuberculosis and Salmonella sp., Shigella sp., Yersinia sp. and Campylobacter sp. (SPZOO 2011) should always be carried out.
The virulence offered by Salmonella Yoruba to humans and animals are unclear. However, experimental inoculation of pigs showed that the excretion of S. Yoruba presented the same pattern of S. Typhimurium, and it is dose-dependend. Antibody responses are slower and occur at lower titres (Ös-terberg & Wallgren 2008) . The polymerase chain reaction (PCR) of this isolated showed the presence of virulence genes involved in adherence process and cellular invasion, suggesting virulence potential of the isolated strain. According to the literature, SEF14 and PEF proteins, encoded by sefC and pefA genes, play an important role in Peyer's patch colonization, as well as erythrocytes adhesion and invasion. The operon spv is associated with intracellular replication and bacterial survival in the endothelial system, liver and kidneys (Clarke & Gyles 1986 , Feutrier et al. 1988 , Bäumler et al. 1996 , Ogunniyi et al. 1997 ). Molecular tests that used an invA gene, which is highly preserved in Salmonella spp., were fast, efficient and also enabled the determination of the zoonotic potential and the virulence of Salmonella strain (Salehi et al. 2005 , Castilla et al. 2006 .
Molecular techniques proved to be useful for salmonellosis diagnosis in animals, due to their high sensitivity and specificity, beyond the possibility of detection of the genes associated with bacterial virulence (Castilla et al. 2006) . PCR can be very useful for identifying the agent in asymptomatic animals and convalescent carriers (Clarke & Gyles 1986 , PaulMurphy 1993 , Salehi et al. 2005 , Rocha et al. 2006 . R plasmid presence is associated with multiple antibiotic resistance patterns in Salmonella (Paul-Murphy 1993) . PaulMurphy (1993) reported strains of Salmonella resistant to ampicillin, erythromycin, chloramphenicol, tetracycline, kanamycin and dihidroestreptomycin. This study showed that S. Yoruba was resistant to tetracycline only.
In conclusion, our findings reinforce the importance of salmonellosis in primates and the risk of spread of new serotypes through contact with marmosets. The possibility of these primates functioning as reservoirs for agents with zoonotic potential is very high, and they should not be kept as pets. The maintenance of these animals in zoos should be very careful and follow strict health criteria to prevent the spread of infectious diseases.
To the author's knowledge, this is the first fatal case of Salmonella Yoruba infection in a non-human primate. S. Yoruba had never been isolated in domestic or wild animals in Brazil. Epidemiological surveys were necessary, in order to establish the importance of this agent for captive primates.
